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Abstract 


In order to control the wellbore stability in the CBM drilling process, the drilling fluid with strong plugging, clay 
hydration inhibition and anti-collapse properties should be comprehensively considered. The multi-inhibitive CBM 
drilling fluid was prepared by introducing sodium formate, which is an excellent inhibitor, into the fuzzy ball drilling 
fluid. Laboratory evaluation experiments showed that the prepared multi-inhibitive CBM drilling fluid based on fuzzy ball 
and sodium formate, displayed favorable multi-inhibitive properties, not only for its excellent inhibition performance on 
clay hydration, but also for its strong plugging and anti-collapse abilities. The results showed that the specific surface 
area and grain size of clay particles were almost unchanged, when the concentration of sodium formate was 30%. 
Besides, the prepared drilling fluid can effectively plug fractures in coal plugs as the injection pressure increased to more 
than 20MPa after plugging. Moreover, the uniaxial compressive strength of coal plugs increased by 43.3% after the 
displacement of the prepared drilling fluid. During field applications in more than 40 CBM wells such as Well-X, Well-Y 
and so on, the results showed that the prepared multi-inhibitive drilling fluid can successfully maintained the wellbore 


stability during drilling in CBM wells. 
Keywords: Coal bed methane (CBM); Drilling fluid; Borehole stability; Fuzzy ball 


Introduction hydration swell reducing ability and anti-collapse 
properties should be comprehensively considered [4,5]. 
Coal bed methane (CBM) is a kind of natural gas stored 


in the pores of coal seam by adsorption or in Free State The distribution of rock layers in CBM wells indicate 
[1,2]. CBM reservoir is with low rock strength but that, clay hydration and swelling can easily occur in the 
abundant cleavage fissures [3]. Therefore, it is challenge upper clay/shale layer because of the filtration of drilling 
able to keep wellbore stability during drilling in CBM fluids, which would lead to wellbore instability [6,7]. In 
wells, and drilling fluids with strong plugging, clay addition, caving and other wellbore instability accidents 


were usually caused during CBM drilling operations 
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because of the high Young modulus, low ground stress 
and small broken pressure of the coal seam [8,9]. Huang 
W. et al regarded that the main reason for the wellbore 
instability is the hydration/swelling or dispersion of clay 
particles in clay/shale formations due to the filtration of 
drilling fluid into coal fractures [10]. While Qu P. et al 
believed that the reason for coal seam wellbore instability 
is caused by fracture expansion [11]. Besides, Dong J. et al 
considered that drilling brittle and the existence of 
natural fractures in coal layers is the main factor for 
borehole collapse [12]. While Liang D. et al held the 
opinion that down hole tools, mechanical force, snubbing 
and swabbing pressure can also cause coal seam collapse 
and result in wellbore instability [13]. In a word, the main 
reasons for the wellbore instability of CBM are clay 
hydration/swelling, leakage and borehole sloughing. 


As a result, it is required that a remarkable CBM drilling 
fluid should have the multi-inhibitive abilities, such as 
plugging, clay hydration inhibition, anti-collapse 
properties and so on. Lv K. et al. have developed the 
polyol/KCI drilling fluid to solve wellbore instability of 
CBM wells in Tarim Basin Yiqikeleke area. Zhao X. et al. 
have considered the organic salt weighting drilling fluid to 
solve the problem of coal seam cave in the Changbei block 
of Yulin gas field in Ordos Basin [14,15]. Huang W. et al. 
have studied the anti-collapse drilling fluid and coal seam 
drilling fluid for clay/shale formation and coal seam layer 
respectively, and it showed that the compressive strength 
of rock samples was significantly increased. Zuo J. et al. 
have developed the light weight drilling fluid through 
optimization experiments of light weight hollow glass 
microspheres [16,17]. The density of the developed light 
weight drilling fluid was reduced by adding hollow glass 
microspheres with excellent anti-collapse ability in the 
CBM drilling in Qinnan demonstration plot. Mu H. et al. 
have studied the application of micro-bubble based 
drilling fluids in CBM well drilling and it presented good 
performance in plugging [18]. However, only one or two 
problems of borehole instability in CBM well drilling such 
as hydration inhibition, plugging and anti-collapse can be 
satisfied by one of these fluids. Moreover, most of the 
fluids has only successfully used in some of the typically 
CBM areas, and it is needs to be further verified whether it 
can be commonly used in other situations or not. 


In previous work, we have studied the anti-collapse 
mechanism and application of CBM fuzzy-ball drilling 
fluid [19-22]. Till now, the CBM fuzzy-ball drilling fluid 
has been successfully applied in more than 40 CBM wells, 
it showed that the fuzzy ball drilling fluid can control 
shale sloughing and hole enlargement, and prevent 
formation from caving [23,24]. And it also showed good 
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performance in keeping wellbore stability in CBM drilling 
[21-23]. The fuzzy ball drilling fluid was synthesized by 
cationic, anionic, nonionic surfactant complex and some 
other special additives. It can be used as an effectively 
plugging material for different scales of leakage channel 
due to its shape adaptive ability [19-22]. Based on the 
study on shale-control inhibitors, the sources of soluble 
calcium and potassium, as well as inorganic salts and 
organic compounds provide shale-control by reducing 
shale hydration [25,26]. It is reported that Sodium 
formate has great advantages in preventing borehole 
enlargement and heaving or caving while drilling water- 
sensitive shale [27,28]. In this paper, sodium formate, 
which was selected as an inhibitor, was added into the 
fuzzy ball drilling fluids to prepare the multi-inhibitive 
CBM drilling fluid. 


Laboratory Experiments 


Four major additives of fuzzy ball are 1.5 ~ 3.0 % 
layering agent, 0.5 ~ 1.5 % fuzzy agent, 0.1 ~ 0.2 % 
nucleating agent, and 0.2 ~ 0.6 % membrane agent. The 
multi-inhibitive drilling fluid is prepared by adding 0~40% 
sodium formate into the fuzzy ball drilling fluid. The 
following are some of the basic parameters of the multi- 
inhibitive drilling fluid: density, 0.85 ~ 1.25 g/cm; plastic 
viscosity, 15 ~ 30 mPa:s; yield point, 7 ~ 15 Pa; YP/PV, 
0.5~1.0 Pa/mPa:s; pH, 8 ~ 10. To evaluate the multi- 
inhibitive capacity of the system for drilling in 
complicated downhole conditions, the capacity of clay 
hydration inhibition, plugging and borehole sloughing 
control of the prepared drilling fluids were tested in this 
part. 


Clay Hydration Swell Reducing Capacity 


The shale sample from a borehole in a block was taken 
for test. According to the X-ray diffraction analysis results, 
the sample includes 62.8% of clay minerals, among which 
76% is illite7/montmorillonite mixture and 22% is illite. 
High content of clay minerals, the hydration and 
dispersion of illite as well as the hydration and expansion 
of montmorillonite are the main reasons for borehole 
instability during drilling in this block. 


The specific surface area and median grain diameter 
(Dso) of the clay minerals in the multi-inhibitive drilling 
fluid were tested by laser particle analyzer. The lower the 
specific surface area and the higher the Dso, the stronger 
inhibitive capacity of the drilling fluid would be. Figure 1 
showed the test results of the inhibitive capacity of the 
prepared drilling fluid with different percentages of 
sodium formate. 
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Figure 1: Inhibitive capacity test results of the prepared 
drilling fluid. 


From Figure 1, we can draw three conclusions: 
compared to water, fuzzy ball drilling fluid is with much 
stronger inhibitive capacity; when the concentration of 
the sodium formate in the system increased, the specific 
surface area decreased and the Dso increased, which 
indicated a strong inhibitive capacity; when the 
percentage of the sodium formate in the system increased 
up to 30%, the value of the specific surface area and the 
Dso didn’t change any more, which indicated the 
maximum inhibitive capacity of the prepared drilling fluid 
in the specified sodium formate concentration. 


In conclusion, the prepared drilling fluid is with 
excellent inhibitive capacity. In field operations, the 
percentage of the sodium formate in the system can be 
adjusted to realize the optimal inhibitive results of the 
drilling fluid. 


Plugging Capacity 


The plugging capacity of the prepared drilling 
fluid was tested by core flowing experiments. 
Considering actual formation conditions, the test 
temperature, initial confining pressure and back 
pressure were 900, 20 MPa and 0.5 MPa 
respectively. The experiment includes three steps. 
Firstly, displace 638 mm core plug with fractures by 
water; secondly, displace the core plug by the multi- 
inhibitive drilling fluid to plug the fractures; thirdly, 
test the plugging capacity of the multi-inhibitive 
drilling fluid by water. Figure 2 showed the change 
of the injection pressure of water, the multi- 
inhibitive drilling fluid and the injection pressure of 
water after plugging versus time. 
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Figure 2: Plugging capacity evaluation results of the 
prepared drilling fluid. 


From Figure 2, we can draw the conclusion that, (1) 
before plugging, water flowed out through the core plug 
with almost zero injection pressure; (2) during the 
displacement of the multi-inhibitive drilling fluid, the 
injection pressure increased sharply at 50 min with no 
fluid flowing out from the core plug, indicating its 
excellent plugging capacity; (3) the final injection 
pressure of water after plugging by the multi-inhibitive 
drilling fluid is more than 20 MPa with no fluid flowing 
out from the core plug, it is indicated a strong pressure 
bearing capacity of the multi-inhibitive drilling fluid. 


In conclusion, the prepared drilling fluid is with 
excellent plugging capacity and strong pressure bearing 
capacity. As the prepared drilling fluid is able to plug 
fractures in formations effectively, the invasion of external 
water can thus be controlled. Meanwhile, because of the 
strong pressure bearing capacity, the transmission of 
swabbing and snubbing pressure can be effectively 
plugged. Besides, for reservoirs with adsorbed gas, gas 
desorption is also inhibited to maintain borehole stability 
during drilling. 


Anti-Collapse Capacity 


Sampling from Block B and prepare six 38mm-plug for 
evaluation. Considering actual formation conditions, the 
test temperature, initial confining pressure and back 
pressure were 251), 9 MPa and 0.5 MPa respectively. The 
experiment includes two steps. First, 2 coal plugs were 
soaked by water and 2 coal plugs by the multi-inhibitive 
drilling fluid for 1 hour respectively; then, test the uniaxial 
compressive strength of the 6 coal plugs. The results are 
shown in Figure 3. 
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Figure 3: Uniaxial compressive strength of the test coal 
plugs. 


From Figure 3, the uniaxial compressive strength of the 
coal plugs injected by water(with brine 
injected)decreased by 23.3%, while the uniaxial 
compressive strength of the coal plugs after the injection 
of the multi-inhibitive drilling fluid increased by 43.3%. 
The main reason is that the micro pores and cracks of the 
coal plugs were plugged by the fuzzy ball and its adhesion 
and chemical bonds, leading to an increased rock strength 
of coal plugs. Therefore, borehole stability can be 
maintained as the collapse pressure decreased, fracture 
pressure is increased and the drilling fluid density 
window is broadened. 


From the test and evaluation results above, the fuzzy 
ball is able to plug formation fractures by forming of inner 
plug, control the invasion of external water, broaden the 
fluid density window, improve fracture pressure and 
decrease collapse pressure. By adding organic salt such as 
sodium formate into the fuzzy ball drilling fluid to 
improve the inhibitive capacity of the system, the multi- 
inhibitive drilling fluid is developed. 


Field Applications 


The multi-inhibitive drilling fluid was applied in more 
than 40 wells with complicated downhole conditions, 
such as formations with open fault age, fragile coal, 
unconsolidated sandstone and brittle shale/clay. Borehole 
instability problems like mud loss, borehole sloughing, 
collapsing and shrinkage were successfully controlled. 


Application of the Multi-Inhibitive Drilling 
Fluid in the Well-X Drilling 


Well X is a Fishbone well with 2 trunks and 6 branches. 
In the 3# high rank coal formation, the pressure gradient 
is 0.38~0.88MPa/100m with soft coal texture and long 
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horizontal interval. During drilling, sandstone/shale and 
coal appeared alternatively in the sequence of the 
formations and limestone appeared occasionally. Because 
of the severe borehole caving during drilling in the coal 
formation, Well X failed to drill to the designed depth. The 
multi-inhibitive drilling fluid was applied in the third 
spudding interval with density 0.96 ~ 1.06 g/cm, funnel 
viscosity 38 ~ 48 s/q and yield point 5 ~ 10 Pa. During 13 
days drilling, the accumulated measured depth was 
4189.49m with an average ROP of 12.65 m/h and coal 
formation encountering rate of 95%. The borehole 
stability was effectively maintained with the multi- 
inhibitive drilling fluid. 


Application of the Multi-Inhibitive Drilling 
Fluid in the Well-Y Drilling 


Well Y is a wildcat well with two formation pressure 
coefficients, 0.55~1 in the Shanxi formation and 
0.67~1.03 in the Taiyuan formation. Therefore, lost 
circulation would occur when the density of the drilling 
fluid is over 1.03g/cm3, and the well kick would occur if 
the density of the drilling fluid is lower than 1.0 g/cm3. 
Well kick occurred in the depth of 450m in the 
Shigianfeng formation with polymer drilling fluid. Barite 
was added into the drilling fluid to increase the density to 
1.04 g/cm? for well killing. Severe borehole sloughing 
occurred in the depth of 875m and collapse occurred in 
the depth of 925m with the drilling fluid density of 1.20 
g/cm3. Even though the drilling fluid density was 
increased to 1.2 ~ 1.5 g/cm3, borehole instability 
problems still cannot be controlled and the drilling also 
failed to reach the designed depth. Finally, the multi- 
inhibitive drilling fluid was applied with density 1.02 ~ 
1.09 g/cm}, funnel viscosity 47 ~ 68 s/q and yield point 6 
~ 8 Pa. During 12 days of drilling to the depth of 1278m, 
no drilling accident or problem occurred with an average 
borehole enlargement ratio of 8.57%. 


Application of the Multi-Inhibitive Drilling 
Fluid in the Well-Z Drilling 


Well Z is located on a fault zone. In the top section of 
the well, shale and unconsolidated sandstone appeared 
alternatively. Drill pipe sticking occurred in this section as 
a result of borehole sloughing. In the lower section of the 
well, the formations are mainly composed of fragmented 
coal and granulated coal. Drilling in this section is great 
difficulty because of the high risk of lost circulation and 
borehole sloughing and collapsing. The multi-inhibitive 
drilling fluid was applied in Z well with density 1.06 ~ 
1.09 g/cm}, funnel viscosity 39 ~ 45 s/q and yield point 7 
~ 13 Pa. During 11 days of horizontal drilling with the 
length of 1000 m, lost circulation was successfully 


Copyright© Lihui Zheng, et al. 


Petroleum & Petrochemical Engineering Journal 


controlled and borehole stability was maintained in shale, 
sandstone and coal formations. 


Conclusion 


1. The laboratory test showed that the multi- 
inhibitive CBM drilling fluid based on fuzzy ball and 
sodium formate has good performance in plugging, clay 
hydration swell reducing and collapse preventing; 

2. The field cases showed that the multi-inhibitive 
drilling fluid has great ability in keeping the stabilization 
of borehole in CBM drilling; 

3. Further research is needed to quantitatively 
optimize the practical performance of the multi-inhibitive 
drilling fluid in different formations. 
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